l sensitive to alterations in arterial blood flow. These alterations may be due to local changes in the terminal arterioles or those secondary to systemic arterial hypotension. Many of the factors involved in brain stem ischemia which may give rise to vestibular disorders have only recently been identified; in some respects they are still not completely understood. ' '7 The syndrome of intermittent vertebral artery compression, the subject of the present investigation, was first described by Powers, et al., ~ in 1961 and is characterized by episodic vertigo, syncope, tinnitus, visual disturbance, and positive Adson's sign. The onset of vertigo is unpredictable but is often associated with rotation or extension of the neck. A positive scalene tension test, vertigo upon the Adson maneuver, and a supraclavicular bruit are also of importance. Consequently, treatment is directed toward relieving the vertebral artery compression by sectioning the scalenus anticus muscle, ligating and dividing the thyrocervical arterial trunk, and stripping the periarterial nerves. The present study was undertaken during the final stages of these procedures with digital compression of an isolated and denervated vertebral artery. Our study notes observations on changes in pupils, nystagmus, ocular movements with electronystagmographic recording, and blood pressure, caused by temporary occlusion of one vertebral artery during the surgical treatment of Powers' syndrome)
As far back as 1927, de Kleyn and Nieuwenhuyse 4 first suggested that nystagmus and vertigo might be induced by occlusion of the vertebral artery when the head was held in a certain position. Since then there have been several reports of vertebrobasilar insufficiency as a cause of episodic vertigo. 2, 3, 7, 8, 12 Although the clinical features of the vertebrobasilar insufficiency have been well described, the ocular manifestations produced by the reduced blood flow through the vertebral artery in man are not fully recognized.
Materials and Method
Studies were made in 25 patients (16 males and nine females) ranging in age from 19 to 61 years who were undergoing surgical treatment for episodic vertigo (Power's syndrome). Indications for surgery were grouped under four categories: All cases had bilateral vertebral arteriography through retrograde brachial artery injection of a 30 cc bolus of 60% Conray by a pressure injector. Six films were taken with the neck in hyperextension, anteroposterior (AP) projection; in hyperextension plus extreme rotation to the right and to the left; in a neutral position, AP and lateral projection; and in a Towne projection for visualization of the basilar artery and its branches. An attempt was made to simulate positions that caused exacerbation of symptoms. Injections were well tolerated. Every patient was carefully evaluated by a neurologist, a neurosurgeon, and a neuro-otologist before undergoing surgery.
Operations were performed in the supine position under local anesthesia through a supraelavicular transverse incision. Following scalenotomy, the phrenic nerve, vertebral artery, subclavian artery, and stellate ganglion were explored after the original method described by Powers, et al. 9 Zeiss binocular dissecting microscope and microsurgical techniques were used to visualize the periarterial nerve network in continuity via filaments from the stellate ganglion. Following periarterial stripping and denervation, one vertebral artery was temporarily occluded by digital compression against the underlying vertebral column from 30 seconds for a maximum of 2 minutes depending upon the signs and symptoms of the patients. The right vertebral artery was occluded in 16 patients and the left in nine patients.
Occular movements and nystagmus were observed under Frenzel glasses (plus 20 diopter lenses) with the patient in the supine position and his head in a neutral position. Both the vertical and horizontal eye movements were recorded simultaneously by an electronystagmograph through disc electrodes pasted periorbitally at four cardinal points of each eye, the inner electrode being common to both eyes. In one case (Case 25) the nystagmus was also observed in the headhanging position. Blood pressure was measured by a sphygmomanometer. Pulse and respiratory rates were checked periodically. The patient's subjective symptoms were recorded. Pupillary changes were observed and in some instances these were recorded by 16 mm cinematography.
Results
The nystagmus, ocular movements, and subjective symptoms are listed in Table 1 . Although 11 cases remained asymptomatic, in 14 cases (56%) there was a variety of subjective symptoms of varying severity and with varying time intervals between the onset of occlusion and the appearance of symptoms. Individual symptoms are summarized in three groups: 1) disorders of vision; 2) disorders of consciousness, and 3) visceral symptoms.
Group 1: Disorders of Vision
Visual disorders were a prominent feature found in eight of 25 cases. All had an acute onset with a latent period ranging from 10 to 50 seconds after occlusion, and there was rapid disappearance of the visual symptom following the removal of occlusion. These were accompanied by various types of nystagmus and ocular movements. 
Group 2: Disorders of Consciousness
Acute lowering of the level of consciousness developed in five cases. Two patients (Cases 5 and 7) experienced a sensation of impending syncope within a few seconds following occlusion. In three other cases (Cases 12, 15, and 24) the sensations were preceded by symptoms such as blurring of vision, amblyopia, nausea, and thoracic compression. Full consciousness was regained in all the cases upon removal of occlusion.
Group 3: Visceral Symptoms
Visceral symptoms were prominent in eight cases and consisted of nausea, vomiting, dyspnea, sensation of thoracic compression, with or without hypotension and bradycardia. These symptoms developed late after the onset of occlusion even after the occlusion had been removed, and lasted from 30 minutes to several hours.
One case (Case 12) experienced a sudden blurring of vision when the right vertebral artery was occluded for 30 seconds, then nausea and frequent vomiting at around 1 89 minutes after the removal of occlusion, followed by gradual development of hypotension, bradycardia (blood pressure 132/60 to 100/60 mm Hg, pulse rate 72 to 60 per rain) and dyspnea; these symptoms disappeared gradually after about half an hour. The spontaneous nystagmus and eyeball movements observed in this same case were quite complex with spontaneous slow convergent eye movements, spontaneous vertical nystagmus with occasional horizontal nystagmus, and convergence nystagmus. The artery occluded in Case 12 was the right vertebral which was 6.5 mm in diameter, while the left was 1.5 mm in diameter. The posterior communicating arteries were not visualized. Case 12 had had frequent attacks of rotatory vertigo, blurring of vision and diplopia, and syncope prior to operation.
Hypotension and bradycardia associated with nausea and vomiting were noted in four other cases (Cases 10, 13, 15, and 16) but less severe than those in Case 12.
Observations o[ Nystagmus and Ocular Movements Through Frenzel Glasses
The nystagmus and ocular movements observed through the Frenzel glasses were unexpectedly variable but no appreciable pupillary change was observed. Of the 25 cases, thirteen (Cases 10, 11, 14 through 24) were asked not to move their eyes but look far away with the eye in a neutral position throughout the examination, while 12 cases (Cases 1 to 9, 12, 13, 25) were ordered to look up and down or to either side. Each of the 25 patients exhibited nystagmus shortly after the occlusion (5 to 30 sec) in a supine position with the head held in a neutral position, except in one case (Case 25) in which the nystagmus of the coarse and vertical type was only noticed when the head was held hanging over the edge of the table.
Spontaneous Coarse Nystagmus. There were five cases of spontaneous coarse nystagmus. Three (Cases 3, 5, and 25) were vertical, directed downward; one (Case 10) combined vertical with occasional horizontal nystagmus; and another (Case 9) was horizontal, directed toward the side of the artery occluded and associated with pendulum-like eyeball movements of low frequency. Cases 3, 5, and 10 had a concomitant sensation of unsteadiness, with all objects seeming to move up and down. Case 9 had no subjective symptoms.
Spontaneous Fine Nystagmus. There were 20 cases of spontaneous fine nystagmus. A unidirectional horizontal nystagmus was noted in 14 cases; in seven of these the quick component was toward the side of the artery occluded, and in another seven toward the opposite side. Therefore, no definite conclusion could be drawn between the direction of nystagmus and the side of the artery occluded. The multi-directional horizontal nystagmus was noted in three cases (Cases 1, 2, and 12). Spontaneous vertical nystagmus with occasional horizontal nystagmus was observed in six cases (Cases 1, 6, 7, 12 , 17, and 18) in neutral eye position.
In four cases (Cases 11, 12, 16, and 19) a spontaneous monocular horizontal nystagmus was noticed, in which one eye displayed a horizontal nystagmus while the other eye remained in a neutral position without any nystagmus or ocular motion. This occurred spontaneously with the eyes in a neutral position without attempting lateral gaze and was followed by a spontaneous gradual deviation of the affected eye toward the direction of nystagmus. In two of the four cases in this group, the eye involved was ipsilateral to the artery compressed while in the remaining two it was contralateral. No definite conclusion could be drawn regarding the relationship between the eye involved and the artery occluded.
A convergence nystagmus was noted in two eases (Cases 12 and 22). In one of them this was observed only when looking upward.
Ocular Movements. Ocular movements were divided into conjugate and disconjugate eye movements. Conjugate eye movements were of the pendular, horizontal type with a low frequency of 1 to 3 cps, being observed in five cases (Cases 9, 16, 20, 21, and 23). They were interspersed with an occasional horizontal nystagmus. Disconjugate eye movements included convergent eye movements of a slow velocity (Case 12), and a spontaneous slow abduction or adduetion of the eye accompanied by a monocular horizontal nystagmus (Cases 11, 12, 16, and 19) .
Discussion
The present studies were undertaken during surgical treatment of the Powers' syndrome. Unilateral digital compression and sudden cessation of blood flow through a vertebral artery were accomplished without concomitant compression of the periarterial nerves. This may cause an abruptly reduced :pressure throughout the basilar system, the pressure gradient being highest in the distal part of the basilar system (because of reflux from the posterior communicating arteries) and lowest in the distal part of the long circumferential arteries supplying the lateral pons. The resulting symptoms included vertigo, nystagmus, ocular movements, and visceral symptoms caused by ischemia of the vestibular nuclei accompanied by disorders of related functional systems.
The fact that one half of the cases manifested subjective symptoms may indicate that in these cases occlusion of the unilateral vertebral artery could not be compensated for by the collateral circulation of the contralateral vertebral artery and the circle of Willis. In fact one or both posterior communicating arteries were not visualized in the four vessel studies of these cases. Variations in structures within the vertebrobasilar arterial system (Stopford 11 ) and the circle of Willis are particuarly common. Alpers, et al., ~ found a normal configuration of the circle of Willis in only 52%, an anomaly being most common (23.4%) in one or both posterior communicating arteries. Absence of one posterior communicating artery could be disastrous when there is embarrassment of blood flow through the basilar artery. Of interest is the coincidental findings of a normal configuration of the circle of Willis and an absence of symptoms following occlusion of one vertebral artery in the present study.
Another fact of interest is that all of the 25 cases including asymptomatic cases showed spontaneous nystagmus with or without ocular movements under Frenzel glasses. This suggests that the vestibular system as well as the oculomotor system in the brain stem are particularly sensitive to a reduced blood flow through the vertebral and basilar arteries, and that examination of nystagmus and ocular movements under Frenzel glasses is one of the most sensitive tests in evaluating the circulatory state of the brain stem. However, the question remains unanswered as to why such manifold ocular changes as con-vergence nystagmus, vertical nystagmus with occasional horizontal nystagmus, pendular eye movements, and even cardiodepresser effects occurred after this procedure. Convergence nystagmus may have been due to circulatory embarrassment of the pretectal region while the cardiodepressor effects may represent involvement of the vasomotor centers in the lower brain stem.
Two over-all explanations seem possible. First, ischemic loci produced by past vertiginous or fainting attacks, and located in various sites throughout the brain stem, may have become susceptible to ischemia. Encephalomalacia due to thrombosis confined to one vertebral artery was described by Duffy and Jacobs, 6 as being located not only in the vestibular nuclei of the pons but also at various levels of the brain stem as well as the cerebellum. Second, reversible ischemic changes produced in the present investigations could be elicited at various sites in individual cases. With abrupt reduction of the arterial blood pressure within the basilar artery, the point of the least pressure gradient may shift depending on the site of peripheral resistance due to narrowing, kinking, or structural anomalies of branches or terminal arterioles especially when the compensatory function of the circle of Willis is inadequate. Therefore, the resulting reduction in pressure due to abrupt cessation of flow in the vertebral artery on one side will be reflected peripherally along the whole distribution of the basilar arterial system, so that clinical effects may be remote from the site of occlusion and may be unexpectedly variable.
